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Abstract 
A four level multiscale model capable of modeling local wind and turbulence fields for micro and macrositing of 
wind turbines is described. The system is based on a coupling involving an operational numerical weather prediction 
model, a mesoscale model and a local turbulence prediction Computational Fluid Dynamics code. Existence of a 
large variation in the spatio-temporal scales in an atmospheric flow necessitates such a coupling between different 
models each of which handles a particular range of scales. The system which is first of its kind, is operational at 
nineteen Norwegian airports spread throughout the country and is giving an hourly prediction of the local wind field 
and turbulence intensity on a daily basis. The system is thus in a continuous phase of validation with the 
meteorological data recorded at the airports. The tool as such can also be used for macro and micrositing of wind 
turbines. In this report, we first present a comparison of the wind rose computed by different numerical models with 
the observed ones and then explain the potential of the tool for micrositing through its application to an existing wind 
park in Norway 
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1. Introduction 
In 2010, worldwide wind power capacity increased by 38.3GW, or a little more than 24% to around 
200GW [1]. With the focus back on renewable energy, this trend is expected to continue in the near future. 
With this growth, the need for tools for wind potential forecasting and wind turbine siting is also gaining 
more significance. In any particular site of interest, the wind power available to a wind turbine is 
proportional to the cube of the wind speed normal to it. This available power over a relatively flat surface 
might change by a factor of ten depending upon the surface roughness alone while the factor might be of 
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the order of five in a mountainous terrain [2]. The current state of the art in wind turbine siting involves 
the following steps [3]: 
1. Identification of geographical areas needing further study: Areas with high average wind speed 
are identified using a wind resource atlas and any other available wind data.  
2. Selection of candidate sites: Potential windy sites within the region are identified where the 
installation of turbines appears to be practical from engineering and public acceptance 
standpoints.  
3. Preliminary evaluation of candidate sites: In this phase, each potential candidate site is ranked 
according to its economical potential and thus the most viable sites are examined for any 
environmental impact, public acceptance, safety and operational problems that would adversely 
affect their suitability as a wind turbine site.  
4. Final site evaluation: For the best chosen potential site a more comprehensive wind resource 
measurement may be required. At this point, the measurements should include wind shear and 
turbulence in addition to wind speed and prevailing wind directions. 
5. Micrositing: Once a site is chosen for the wind farm, the exact location of the turbines and their 
energy production need to be determined.  
It appears that at the moment the whole siting process depends a lot on the measurement data which in 
most cases are either not readily available or are scarce. The windrose computed from the numerical 
weather forecasting model can be of great help in such a situation owing to their high spatial resolution. 
The problem gets compounded when the terrain is highly inhomogeneous in which situation the whole 
wind pattern and wind shear might vary significantly within a horizontal distance of a few meters. In such 
a situation, measurement becomes highly infeasible. A high resolution computer model can be an answer 
to that.  
 
In this paper we present an operational four-level forecasting system for local wind and turbulence 
prediction. We strongly believe that the mesoscale models can be used for macrositing while the more 
detailed CFD model can be used for the micrositing of turbine in a reasonably complex terrain. In this 
paper we intend to demonstrate the value of downscaling from numerical weather prediction model down 
to a microscale CFD code via a mesoscale model. In the next sections we present a brief description of 
the multiscale system followed by a comparison of the wind rose compiled from different numerical 
models with the observation recorded at one of the airports. Towards the end of this paper we apply the 
model to an existing wind farm located in Norway to give a preliminary explanation of some of the 
problems that are being faced by the wind farm. We finally conclude the paper with final remarks and our 
future planned activities. 
2. Model Description 
Our multiscale modeling system consists of three different unidirectionally nested models: High 
Resolution Local Area Modeling (HIRLAM), Unified Model (UM) and (Semi IMplicit Reynolds 
Averaged) SIMRA (Figure 1). Below we mentioned the important features of these different models in 
brief. 
2.1. HIRLAM 
HIRLAM numerical weather prediction model is a hydrostatic model operational in Denmark, Finland, 
Iceland, Ireland, Netherlands, Norway, Spain and Sweden. The core of the model is based on a semi 
implicit semi-Lagrangian discretization of the multi-level primitive equations using a hybrid coordinate in 
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the vertical direction. For the horizontal discretization, an Arakawa C-grid is used. The dynamic variables 
computed in the model are horizontal wind components, temperature, specific humidity, cloud water and 
surface pressure. More details on the dynamical and numerical aspects of HIRLAM can be found in the 
HIRLAM Scientific Documentation [4]. The model has a variety of parameterization schemes for sub-
gridscale physical processes. Initial and boundary conditions are normally taken from the ECMWF model. 
At the upper boundary a condition of zero vertical velocity is imposed. 
 
Figure 1: Coupling between different models: HIRLAM (left), UM4(right),UM1(3 blue rectangles),SIMRA (red squares) 
2.2. UMl 
The UK Met Office Unified Model as used in the Norwegian Met Office is a non-hydrostatic 
numerical weather prediction model which uses a rotated spherical terrain following grid. The model is 
based on an Arkawa C grid which is a staggered configuration which means that the computation points 
of the velocity is displaced half grid length in horizontal and vertical directions compared to the 
computation points of temperature, moisture and other scalars.  Model prognostic parameters include 3D 
wind, potential temperature, specific humidity, density, cloud particles and rain. The model uses semi-
implicit time integration and semi-Lagrangian advection scheme. Physical parameterizations accounts for 
the influence of clouds, gasses and ice crystals on radiation. Turbulence is modeled using the one 
equation model approach described in the last section. The surface is described as a composite of 9 
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different surface types. When the model is run with 1 km resolution convection and orographic roughness 
are assumed to be resolved 
2.3. SIMRA 
SIMRA model is a fully three-dimensional model for anelastic flow. It makes use of the Boussinesque 
approximation. The model solves prognostic equations for three velocity components, potential 
temperature and pressure. Turbulence is modeled using two equations: one for turbulent kinetic energy 
and another for turbulent dissipation. A projection method is used for the solution of the Reynolds 
equation, and a mixed finite element formulation is used for space discretization. Since the effect of 
Coriolis force at this scale is negligible, this is ignored in the model. A Taylor-Galerkin method is used 
for time discretization. A special feature of this model is the use of logarithmic element interpolation at 
the near-ground location in order to satisfy logarithmic boundary conditions accurately.  
 
All the three models mentioned above have been coupled to run simultaneously provided that the 
boundary condition data from the higher model is available. The interpolation of the boundary conditions 
from one model to another is similar to the methodology described in [5]. In the next section we give a 
sample comparison of the wind rose computed by different models with the observed one at the 
Sandnessjoen airport. 
3. Comparison with measurement data for a particular location (Sandnessjoen airport) 
Sandnessjoen airport, Stokka is located on the island of Alsten along the chain of seven hills (27km 
long) popularly known as the seven sisters: Stortinden (910m), Kvasstinden (1010m), Tvillingan South 
(899m), Tvillingan North (980m), Skjerdingen (1032m), Grytfoten (1019m), Botnkrona (1072m). This 
chain of hill is about 1.5km away to the south east of the runway. The runway itself is aligned parallel to 
the hill chain. To the 10km north of the airport lies another chain of hills comprising of Donnmannen 
(858m), Hogtuven (736m). A noticeable thing about these chains is the width. They are barely 3.5km 
wide, a dimension which is not resolved in HIRLAM or UM4. In fact the HIRLAM and UM4 models do 
not 'see' the island itself. UM1 has a resolution which is capable of differentiating between sea and the 
islands in the vicinity of the airport but this is not enough to resolve the flow structures (circulations, 
channeling of flow in the valley, mountain waves) that could result from the presence of the hills. SIMRA 
has a fine resolution (Figure 2(right)) of 100-200m and is thus capable of resolving all the aforementioned 
flow structures. Keeping in mind the resolution of different models and the topographical features we 
now try to explain the predictions. If we look at the windrose diagram in Figure 3, we see the value added 
in each step of the downscaling process. In the case of HIRLAM and UM4 the windrose is much more 
uniformly distributed compared to the other models. The big hill chains on the north and south sides and 
the island itself as well as the neighboring ones are not visible in the model resulting in an incorrect 
prediction of the dominant wind direction. The error according to Figure is also maximum for UM4 and 
wind magnitude is overpredicted. As we move from UM4 and UM1 we observe that the wind directions 
are more accurately predicted however, the wind speed in general is underpredicted when compared to 
UM4. This can be attributed to a relatively higher roughness experienced in the model. In the next stage, 
with a good quality boundary condition from the UM1 model and a more detailed resolution of the 
topography the SIMRA model fine tunes both the direction and magnitude of the wind. 
 
4. Micrositing: Case Study  
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Bessakerfjellet Wind Park is located on the Bessaker Mountain in the Roan municipality of mid Norway (see 
Figure 4(left)). The total installation gives 57.5 MW from 25 wind turbines. The annual production is 176 GWh 
in average, covering the consumption of about 8750 households. The wind park was officially opened in 2008, 
at that time the next largest in the country. The hub height of each wind station is 64 meters and the diameter of  
Figure 2: Left: UM4, UM1 and SIMRA mesh, Right: SIMRA mesh 
 
Figure 3: Comparison of windrose compiled by observation, HIRLAM, UM4, UM1 and SIMRA 
 
the rotors is 71 meters. Rotation speed varies between 6 and 22 r/min. The tower and the nacelle weigh 
231 tons; each of the three wings 6 tons, giving a total weight of 249 tons for each wind station. 
 
Some preliminary tests simulations were done in order to analyze the siting of 5 additional wind turbine 
stations close to the existing wind park (Figure 4(left)). The simulations were done with SIMRA. As 
boundary conditions, southerly wind and a stably stratified atmosphere were chosen in order to see if the 
channeling effect was observable. For that purpose, tracer particle were released in the resulting flow field 
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at an elevation of 120 meters above sea level and, indeed the channeling is observed (see Figure 4(right)). 
Another observation is that wind speeds are less up to certain altitude above the ground at the new site as 
compared to the existing site. The latter is in agreement with a measurement campaign conducted recently 
and can also be explained by the channeling effect. 
 
Figure 4: Left: Bessakerfjellet Wind park, Right: Streamlines from the numerical simulations 
5. Conclusion and future research  
The utility of the multiscale tool was demonstrated in this paper using Sandnessjoen airport and 
Besaker wind park as examples. We do however, admit that this was just a preliminary study and a more 
detailed study is warranted. The multiscale tool in the form presented in this paper is fully capable of 
doing a more detailed study and creating a microscale wind atlas taking into account different 
combinations of meteorological parameters. In the near future we also intend to implement features in the 
tool which will enable us to simulate the inter-turbine interactions. This might help us in forecasting the 
energy output of a whole wind farm taking into account the weather conditions. Also included in the 
research is to understand the structural impact of weather condition on turbine elements. This will be 
accomplished using detailed fluid structure interaction simulation. 
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